1. Introduction {#sec1-children-07-00085}
===============

Cerebral palsy has been defined as a nonprogressive disorder that affects the development of movement and posture, causing limitation of activity in the developing fetus or infant. Disturbances of sensation, cognition, communication, perception and behavior by seizure disorder are the most common disorders associated with cerebral palsy (CP) \[[@B1-children-07-00085]\]. CP can be classified based on the type of movement disorder as spastic, athetoid, ataxic and mixed; CP can also be classified based on the area of the body involved as hemiplegia, diplegia and quadriplegia \[[@B2-children-07-00085]\], in which spastic diplegia is the most common type \[[@B3-children-07-00085]\]. Spasticity, caused by damage to the pyramidal parts of the brain, is defined as a velocity-dependent resistance to stretch \[[@B2-children-07-00085]\]. Due to spasticity, the onset of postural muscle activity in children with CP is delayed compared to normally developing children. In addition, impairment was observed upon sequencing of multiple muscle; additionally, there is an increased level of co-activation of agonist and antagonist muscles at a joint, which results in reduction of balance \[[@B4-children-07-00085]\].

CP is a neurological disorder that can cause secondary changes in the musculoskeletal system, such as decreased muscle strength, tightness or contractures around joints and abnormalities in both bony structures and gait \[[@B5-children-07-00085]\]. Therefore, children with CP show weakened muscle due to lack of motor unit activation and thickness in 50% of small muscles, compared to normally developing children. Infants with CP have reduced knee extensor and ankle plantar flexor strength than normally developing infants \[[@B6-children-07-00085]\], and CP has reduced rectus femoris thickness compared with normally developing children \[[@B7-children-07-00085]\]. The thickness of the quadriceps muscle, indicative of lower extremity strength, has an effect on the quality of life of children with CP; indeed, a study has shown that children with thicker quadricep muscles participated more in community-related activities \[[@B8-children-07-00085]\]. Based on this result, lower extremity strengthening should be emphasized in the rehabilitation of children with CP.

Many methods of muscle strengthening are recommended for children with CP, such as functional progressive resistance exercise (FPRE) \[[@B9-children-07-00085]\], isokinetic training \[[@B10-children-07-00085]\], bicycle and treadmill exercise \[[@B11-children-07-00085]\], weight training \[[@B12-children-07-00085]\], aquatic training \[[@B13-children-07-00085]\], sports and recreation \[[@B14-children-07-00085]\] and electrotherapy \[[@B15-children-07-00085]\]. Until recently, strength training in children with CP was considered inappropriate, as it was believed to lead to increased spasticity or abnormal movement patterns.

The muscles of children with CP have an increased amount of collagen, which hinders movement. This increase in collagen is responsible for contracture development, thereby affecting the passive viscoelastic features of muscle and exerting an impact on the internal resistance of muscle when passive movement of the joint is performed \[[@B16-children-07-00085]\]. A weak agonist muscle may not allow full lengthening of the spastic antagonist muscle, leading to contracture development, and an increase in passive tension leads to muscle weakness \[[@B17-children-07-00085]\].

FPRE can improve lower limb muscle strength and improve function in children with CP without increasing spasticity \[[@B18-children-07-00085]\]. Essentially, FPRE provides sufficient resistance so that a low number of repetitions (usually 8--12) can be completed before fatigue sets in \[[@B19-children-07-00085]\]. FPRE includes exercises, such as sit to stand, half-kneeling standing and side step-up \[[@B20-children-07-00085]\]. A study on antigravity close kinematic chain exercise \[[@B21-children-07-00085]\] showed that FPRE effectively increases lower muscle strength, thereby facilitating lower extremity co-contraction and allowing agonist and antagonist muscles to work effectively; this leads to reduction of muscle tone in the lower extremity \[[@B22-children-07-00085]\].

This study aims to contribute to the improvement of rehabilitation in children with spastic CP by investigating the effect of FPRE on knee extensor strength, myoarchitectonic of the quadriceps, muscle tone, dynamic balance and functional ability of the lower extremity.

2. Materials and Methods {#sec2-children-07-00085}
========================

2.1. Methods {#sec2dot1-children-07-00085}
------------

The subjects were selected from 28 children with diplegia CP undergoing physical therapy at K Hospital in Gyeonggi-do, Korea. The specific selection criteria of the study subjects were children between the ages of 6 and 13 years diagnosed with diplegic CP, who were able to follow the researcher's instructions and had a GMFCS (gross motor function classification system) level between I and III \[[@B23-children-07-00085]\]. Children were excluded if they had unstable seizures, had received treatment for spasticity or any surgical procedure up to 3 months (for botulinum toxin type A injections) to 6 months (for surgery) prior to the start of the study---or if they suffered from other diseases that interfered with physical activity \[[@B24-children-07-00085]\].

Subject's age, height, weight, BMI and GMFCS level were measured prior to each intervention to apply the appropriate amount of weight for each intervention. All subjects picked a black or white stone from a box containing 28 stones. Subjects were randomly divided into an experimental group or a control group, with 14 subjects in each group.

One week before training and one week after training proceeded the evaluation. The intervention group performed FPRE for 30 min per day, three times per week, during a period of 6 weeks. For the control group, a conventional physical therapy program was applied instead of FPRE. However, during the intervention, one subject in the FPRE group had to drop out due to their health condition and two subjects in the control group were excluded because they moved out of town.

This study was conducted with the approval of the research institutional review board of Sahmyook University (2-7001793-AB-N-012018014HR) and it was registered (KCT0005055) as a Clinical Research Information Service (CRIS) in Republic of Korea. The objective and the procedures performed in the study were explained to the subjects' parents, and all of the subjects' parents provided informed consent for inclusion in the study. Therefore, this study was conducted according to the ethical principles of the Declaration of Helsinki.

2.2. Experimental Methods {#sec2dot2-children-07-00085}
-------------------------

### 2.2.1. Functional Progressive Resistance Exercise {#sec2dot2dot1-children-07-00085}

The FPRE program was modified based on circuit training that follows the program used by US National strength and conditioning association (NSCA). Strength training must be individualized and should involve a progressive increase in intensity to be successful, thereby stimulating strength gains that are greater than those associated with normal growth and development \[[@B25-children-07-00085]\]. The FPRE can be used to bear, overcome or resist force, such as body weight, free weights or machines. The exercise was conducted three times per week for 6 weeks. Each exercise was comprised of 5 min of warmup exercise followed by three different types of exercise. Exercise repetition increased to five times in the first two weeks, 10 times in the subsequent 2 weeks and 15 times in the last two weeks. More specifically, according to subject's participation, body weight and exercise repetition will be increased every two weeks by 5%, 10% and 35% based on their body weight. According to each subject's performance both weight and repetition would be increased; however, in the event that the subjects were unable to follow the increase in exercise repetition or weights used during exercise, the level of difficulty would remain the same.

In the following protocol, three circuit exercises were included: sit to stand, half-kneeling standing up and side step-up. In the sit to stand exercise, the child sits on a bench with no back rest. In the starting position, the child's back, knee and ankle need to be flexed at a 90° angle and their ankles should be in contact with the floor. From the starting position, the subject would be instructed by the physical therapist to stand up slowly from the bench. In the half-kneeling standing exercise, the child is sitting in a half-kneeling position without any external support. From this starting position, the child gradually pushes forward to stand up while the weight is shifted forward on the front leg. In the side step-up exercise, the child climbs up a 15 cm staircase sideways \[[@B26-children-07-00085]\]. Between each circuit, 30 s to 1 min of rest time was given to subjects. Longer rest times were given to subjects with lower GMFCS scores to reduce stress. A cooling down exercise and range of motion stretching was held in the final 2 min ([Table 1](#children-07-00085-t001){ref-type="table"}).

### 2.2.2. Conventional Therapy {#sec2dot2dot2-children-07-00085}

Conventional therapy, which was prescribed by a rehabilitation doctor in K hospital, included FES, standing frame and mat exercise. In the control group, conventional therapy had a duration of 30 min three times per a week for 6 weeks. The instructor for each exercise was a pediatric physiotherapist with 3 or more years of work experience.

2.3. Outcome Measurements {#sec2dot3-children-07-00085}
-------------------------

### 2.3.1. Knee Extensor Strength {#sec2dot3dot1-children-07-00085}

In this study, knee extensor strength was measured with a handheld dynamometer FPX 50 (Wagner, Inc., Greenwich, CT, USA, 2017) before and after the intervention by therapists who received 40 min of education regarding proper use of the hand hold dynamometer. The measurement of the knee extensor was performed with the subject in a sitting position, with knee and hip in a 90-degree flexion without back support. Since gravity effects can result in measurement errors, all actions were tested in gravity-neutralized Bryant positions \[[@B27-children-07-00085]\]. Subjects were required to place both hands on their lap and HHD was placed 3 cm above the ankle joint. Three attempts were made to find the mean value for the knee extensor strength measurement. The reliability ICC was 0.91 \[[@B28-children-07-00085]\].

### 2.3.2. Rehabilitative Ultrasound Imaging {#sec2dot3dot2-children-07-00085}

The use of ultrasound imaging (USI) to aid rehabilitation of neuromusculoskeletal disorders or rehabilitative ultrasound imaging (RUSI), is defined as 'a procedure used by physical therapists to evaluate muscle and related soft tissue morphology and function during exercise and physical tasks \[[@B29-children-07-00085]\]. In this study, morphology of the quadriceps muscle was measured with portable ultrasound, Medison Mysono *P*-US system (U5, Samsung Medison, Seoul, Korea). The cross-sectional area of the rectus femoris and the thickness of the quadriceps, from the top of the rectus femoris to the bottom of the vastus intermedius, were measured three times on both legs. Regarding the reliability of this test, the interrater reliability ICC was 0.87--0.97, while the intra-rater reliability ICC was 0.78--0.95 in younger people \[[@B30-children-07-00085]\].

### 2.3.3. Muscle Tone {#sec2dot3dot3-children-07-00085}

In this study, Electronic goniometer, Baseline 12-1027 Absolute+Axis digital goniometer (Baseline, Inc., New York, NY, USA, 2016) was used to measure the popliteal range of motion in passive, speed and active. In supine position ipsilateral hip and knee were flexed to 90° and the knee maximally passively extended to the point of mild resistance, active range of motion and range of motion with velocity were also measured in same positions \[[@B31-children-07-00085]\]. To provide consistent rate and provide highly reliable measures, it was calculated as the mean of three trials. The ICC for this test was 0.999 \[[@B32-children-07-00085]\].

### 2.3.4. Dynamic Balance {#sec2dot3dot4-children-07-00085}

In this study, dynamic balance was examined using the functional reach test (FRT). The FRT was performed with a leveled yardstick that was mounted on the wall at the height of the patient's acromion level in the unaffected arm while sitting in a chair. Hips, knees and ankles were positioned at a 90-degree flexion, with feet positioned flat on the floor. The initial reach is measured with the patient sitting against the back of the chair with the upper extremity flexed to 90 degrees; the measurement was made from the distal end of the third metacarpal along the yardstick \[[@B33-children-07-00085]\]. The FRT measures the maximum distance that subjects can reach forward (F-FRT) and sideways (S-FRT) with their arm while maintaining a fixed base of support in the sitting position. The distance was measured in centimeters to the second digit. The interrater reliability ICC of this test was 0.99 and intra-rater reliability ICC was 0.97 \[[@B34-children-07-00085]\].

### 2.3.5. Functional Ability {#sec2dot3dot5-children-07-00085}

Functional ability was scored with the GMFM-88. The gross motor function measure (GMFM) is a five-level classification system that appears to be valid in assessing the child's current motor functions, including laying/rolling, sitting, crawling/kneeling, standing and walking/running/jumping and is thought to have prognostic potential, i.e., early classification of a child could help determine long-term motor function \[[@B35-children-07-00085]\]. The reliability ICC ranged from 0.92 to 0.99 for all dimensions and total scores \[[@B36-children-07-00085]\].

2.4. Statistical Analysis {#sec2dot4-children-07-00085}
-------------------------

All demographic variables of subjects displayed normal distribution. SPSS version 25.0 statistical software (IBM, Chicago, IL, USA) was used for analysis of all statistical values. Results are presented as mean ± standard deviation. The general characteristics of two groups were analyzed using chi-squared analysis and the independent *t*-test. The interaction effect between group and time was assessed using a repeated-measures analysis of variance. A paired *t*-test was used to compare the results before and after the intervention in each FPRE group and control group. For all tests, the level of statistical significance was set to 0.05.

3. Results {#sec3-children-07-00085}
==========

3.1. General Characteristics of Subject {#sec3dot1-children-07-00085}
---------------------------------------

Demographic characteristics are shown in [Table 2](#children-07-00085-t002){ref-type="table"}. No significant differences were observed in the baseline value between the FPRE group and control group for all parameters.

3.2. Comparison of Knee Extensor Muscle Strength between the FPRE Group and Control Group {#sec3dot2-children-07-00085}
-----------------------------------------------------------------------------------------

Statistically significant time factor effects on knee extensor muscle strength of the dominant and non-dominant side (*p* \< 0.05) were observed, as well statistically significant time × group interaction effects on the knee extensor muscle strength of the dominant side (*p* \< 0.05).

A paired *t*-test revealed statistically significant improvements on the knee extensor muscle strength of the dominant and non-dominant side in the FPRE group (*p* \< 0.05). However, in the control group, the mean value between the pre and posttest showed no significant difference ([Table 3](#children-07-00085-t003){ref-type="table"}).

3.3. Comparison of the Structure of the Quadriceps between the FPRE Group and the Control Group {#sec3dot3-children-07-00085}
-----------------------------------------------------------------------------------------------

Changes in the lower extremity, specifically the quadriceps, were assessed with portable RUSI. [Table 4](#children-07-00085-t004){ref-type="table"} presents the results observed in the FPRE group and the control group. Statistically significant time factor effects on the mean value of TQ and CSA of the dominant and non-dominant side were observed (*p* \< 0.05), as well as statistically significant group factor effects on the CSA of the dominant and non-dominant side. Additionally, statistically significant time × group interaction effects were observed on the mean value of TQ of the dominant and non-dominant side and CSA of the dominant side (*p* \< 0.05).

A paired *t*-test revealed a statistically significant increase on the mean value of TQ and CSA of the dominant and non-dominant sides in the FPRE group after the intervention (*p* \< 0.05). However, the mean value of TQ of the dominant side significantly increased after the intervention in the control group (*p* \< 0.05).

3.4. Comparison of Muscle Tone According to Popliteal Angle in Passive, Speed and Active Ranges of Motion between FPRE and Control Group {#sec3dot4-children-07-00085}
----------------------------------------------------------------------------------------------------------------------------------------

Popliteal angles in passive, speed and active ranges of motion were assessed to evaluate the effects of FPRE on lower leg range of motion and strength. Statistically significant time factor effects on the PA-P of the dominant side and PA-A of the dominant and non-dominant side were observed (*p* \< 0.05). Statistically significant group factor effects were observed on the PA-P of the dominant and non-dominant side, as well as PA-S of the non-dominant side (*p* \< 0.05). In addition, statistically significant time × group interaction effects were observed on the PA-P, PA-S and PA-A of the dominant and non-dominant sides (*p* \< 0.05).

A paired *t*-test revealed a statistically significant increase after the intervention on the PA-P and PA-A of the dominant and non-dominant sides and PA-S of the non-dominant side in the FPRE group (*p* \< 0.05). However, in the control group, the mean value between the pre and posttest showed no significant difference ([Table 5](#children-07-00085-t005){ref-type="table"}).

3.5. Comparison of Dynamic Balance between the FPRE Group and the Control Group {#sec3dot5-children-07-00085}
-------------------------------------------------------------------------------

Dynamic balance was assessed with the modified FRT in two different positions: forward reaching position and side reaching position. Statistically significant time factor effects were observed on the S-FRT (*p* \< 0.05) and statistically significant time × group interaction effects were observed on the forward functional reach test (F-FRT) and side functional reach test (S-FRT) (*p* \< 0.05).

A paired *t*-test revealed a statistically significant increase on the F-FRT and S-FRT in the FPRE group after the intervention (*p* \< 0.05). However, in the control group, the mean value between the pre and posttest showed no significant difference ([Table 6](#children-07-00085-t006){ref-type="table"}).

3.6. Comparisons of the GMFM Score between the FPRE Group and the Control Group {#sec3dot6-children-07-00085}
-------------------------------------------------------------------------------

Functional ability was assessed with the GMFM-88. A paired *t*-test revealed a statistically significant increase on the GMFM score in the FPRE group after the intervention (*p* \< 0.05). However, in the control group, the mean value between the pre and posttest showed no significant difference ([Table 7](#children-07-00085-t007){ref-type="table"}).

4. Discussion {#sec4-children-07-00085}
=============

4.1. Knee Extensor Muscle Strength {#sec4dot1-children-07-00085}
----------------------------------

CP affects physical activity and has a negative impact on the child's physical development. The spasticity and loss of strength experienced by children with CP results increased incidence of gait disorders and increased energy consumption in comparison with their healthy peers \[[@B9-children-07-00085],[@B37-children-07-00085]\]. The muscle weakness in the lower extremity is particularly important for ambulation and requires strength training in children with CP \[[@B38-children-07-00085]\]. Several studies have provided adequate evidence of a correlation between muscle strength and lower extremity function \[[@B39-children-07-00085],[@B40-children-07-00085]\]. Indeed, increase in lower extremity muscle strength leads to positive effects on functional activities and flexibility \[[@B41-children-07-00085]\].

In this study, FPRE strength training programs were used. Using the handheld dynamometer to examine the knee extensor strength, time factor effects were observed on the knee extensor muscle strength of the dominant side and non-dominant side (*p* \< 0.05) and time × group interaction effects were observed on the knee extensor muscle strength of the dominant side (*p* \< 0.05); these results are consistent with the results of previous studies, suggesting that strength training in CP leads to increased lower extremity strength \[[@B24-children-07-00085]\]. The protocol for increasing muscle strength of the knee extensor in CP are numerous; however, due to the low methodological quality of previous studies, the effects of the study protocols may have been overestimated \[[@B42-children-07-00085]\]. Nevertheless, we believe that organized method, resistance and repetitions of the exercises can increase lower extremity strength. Anttila et al. \[[@B43-children-07-00085]\] reported that strengthen training in children with CP is not recommended, as it may increase spasticity, which can lead to reduction in range of motion---as well as difficulty with ambulation. However, recently increasing evidence and systemic reviews have shown that strength training can improve muscle strength in children with CP with no adverse effects on spasticity. These results indicate that FPRE training in CP leads to increased muscle power and lower extremity muscle strength in children with CP and could be considered for use in rehabilitation programs.

4.2. Structure of Quadriceps in Rehabilitative Ultrasound Imaging {#sec4dot2-children-07-00085}
-----------------------------------------------------------------

RUSI uses USI to aid rehabilitation of neuromusculoskeletal disorders. Physical therapists have used RUSI to evaluate function and related soft tissue morphology and muscle during exercise and physical tasks \[[@B30-children-07-00085]\]. Muscle cross-sectional area has a direct relationship with the capacity of muscle to produce power \[[@B7-children-07-00085]\]. RUSI was used to assess thickness of the quadriceps and cross-sectional area of the rectus femoris in order to provide a clinical measurement of increased quadricep volume, which indicates increase of lower extremity strength \[[@B44-children-07-00085]\].

In this study, changes in thickness and cross-sectional area of the quadriceps were assessed with RUSI. The time × group interaction effects (*p* \< 0.05) were observed for TQ of the dominant and non-dominant sides and CSA of the dominant side. Lee et al. \[[@B45-children-07-00085]\] performed progressive functional training on 26 children with CP with spasticity. For 6 weeks, neurodevelopmental treatment and FPRE were performed in the experimental group. The muscle thickness of the quadriceps femoris (QF), cross-sectional area of the rectus femoris (RF) and pennation angle of the gastrocnemius (GCM) were measured with RUSI, and results after the intervention showed significant improvement on those variables (*p* \< 0.05). In the experimental group, QF thickness increased from 1.6 cm to 1.9 cm and RF CSA increased from 1.2 cm^2^ to 2.1 cm^2^ \[[@B45-children-07-00085]\]. Additionally, increase in structure-related measurements is strongly correlated with increased muscle strength \[[@B7-children-07-00085]\].

The outcomes may result from the fact that motor units work in an inadequate, irregular and slower than normal manner following upper motor neuron damage. Therefore, the more affected side cannot activate as normal muscle \[[@B17-children-07-00085],[@B46-children-07-00085]\]. Thus, it is difficult to generalize this information to all pediatric cases, since this study was not conducted among normally developing children; however, increments observed in the results indicate that FPRE protocol has a positive effect on increasing muscle strength in children with spastic CP.

4.3. Muscle Tone According to Popliteal Angle in Passive, Speed and Active Ranges of Motion {#sec4dot3-children-07-00085}
-------------------------------------------------------------------------------------------

Individual spastic muscle fibers with increased tensile strength are stiffer than controls; therefore, to elongate a spastic muscle fiber, more force is needed \[[@B47-children-07-00085]\]. Developments of contractures and passive stiffness could be the result of weakened agonist muscles that result in the inability of the spastic antagonist muscle to elongate, thereby perpetuating a pattern of weakness \[[@B48-children-07-00085]\]. Popliteal angle was measured in passive, speed and active conditions to determine the impact of FPRE on muscle tone of the hamstring. The FPRE is an exercise program which allows the co-contraction of both quadriceps and hamstring, thereby increasing agonist muscle strength to enable elongation of the antagonist muscle to reduce muscle tone of the lower extremity and increase the popliteal angle.

In this study, popliteal angles in passive, speed and active ranges of motion were assessed in order to evaluate the effects of FPRE on lower leg range of motion and strength. Time × group interaction effects (*p* \< 0.05) were observed for the PA-P, PA-S and PA-A of the dominant and non-dominant side. Results of studies by Stubbs, P.W et al. \[[@B49-children-07-00085]\] and Scholtes, V.A., et al. \[[@B50-children-07-00085]\] imply that muscle strengthening does not increase muscle tone. A prior study has shown that muscle tone was significantly lower after the intervention in the training group (median 1, 0/7; *p* \< 0.01) and control group (median 0, 0/4; *p* = 0.02) after implementing a muscle strengthening exercise on children with CP and spasticity, p. A prior study on dynamic strength exercises of the knee extensor showed statistically significant changes (pre: 64.4 to post: 92.6) in the training group and (pre: 60.8 to post: 65.3) control group (*p* \< 0.05) \[[@B49-children-07-00085],[@B50-children-07-00085]\]. Generally, the muscle tension in children with CP develops due to elongated sarcomeres, with decreased action and myosin interaction, which limits the number of cross-bridges causing reduced force production capability \[[@B17-children-07-00085]\]. This biomechanical disadvantage may disrupt the ability of the muscle to sufficiently contract to produce the required functional movement.

This study suggests that an increase in passive range of motion allows for adequate muscle length to produce maximum muscle contraction, which could be the reason for an increment in active range of motion. An increase in agonist muscle strength may be strongly correlated with increment in speed range of motion due to co-activation of the thigh muscle. This result provides valid evidence of the effect of FPRE, which can be used in the future to treat children with CP.

4.4. Dynamic Balance {#sec4dot4-children-07-00085}
--------------------

A comparison of normally developing children-with-children with CP reveals that children with CP have delayed onset of postural muscle activity. In addition, there is a high level of co-activation of agonist and antagonist muscles at a joint and multiple muscle action sequences are impaired. This can cause difficulty in balance control in CP \[[@B4-children-07-00085],[@B51-children-07-00085]\]. In this study, dynamic balance was examined using the FRT. An increase in lower extremity muscle strength was shown to be closely correlated with increased dynamic balance ability, which was assessed with the modified FRT \[[@B52-children-07-00085]\].

In this study, dynamic balance was assessed with the modified functional reach test in two different positions: forward reaching position and side reaching position. Time effects were observed with the S-FRT (*p* \< 0.05), while time × group interaction effects were observed with the F-FRT and S-FRT (*p* \< 0.05). FPRE program comprises exercises such as sit to stand and side step-up with load. This exercise program includes voluntary co-contraction of both lower extremity muscles, quadriceps and hamstring muscles \[[@B53-children-07-00085]\]. After performing the sit to stand exercise, the FRT value increased in the exercise group; results for the asymmetric paretic limb position in the control group were pre 19.36 ± 6.42 to post 23.43 ± 3.85, while in the training group results were pre 14.91 ± 6.11 to post 21.81 ± 4.59, which indicates that the training group showed statistical improvement after intervention t(*p*); −2.287(0.034) (*p* \< 0.05).

In our FPRE study, the FRT was measured in two positions, position forward (F) reaching and side (S) reaching in the FPRE group. These results imply that the exercise protocol of the FPRE, which includes co-activation and functional strengthening, can have a positive effect on dynamic balance.

4.5. GMFM in Functional Ability {#sec4dot5-children-07-00085}
-------------------------------

It is important to accurately measure changes in the acquisition of total motor skills to determine the impact on rehabilitation and the effectiveness of the intervention program in children with CP. The GMFM-88 is an effective measuring tool to detect changes in gross motor function in children with CP \[[@B35-children-07-00085]\]. In spastic diplegia CP, strength was highly related to functional abilities \[[@B54-children-07-00085]\].

In this study, functional ability was assessed with the GMFM-88. A paired *t*-test revealed a statistically significant increase after the intervention on the GMFM score in the FPRE group (*p* \< 0.05).

Ross et al. \[[@B54-children-07-00085]\] indicates that lower extremity strength has a strong correlation with functional ability. They conducted a study to determine the relationship between strength and GMFM-66 on CP. The study included 49 boys and 48 girls; mean age ± standard deviation, 9.11 ± 4.8 years. Aggregate strength consisting of values for the ankle dorsiflexors and plantar flexors, knee extensors and flexors and hip abductors and adductors averaged across sides was strongly correlated to the GMFM-66 (r.83). In this study, the GMFM-88 score of the FPRE group increased from a pre-mean value of 69.98 ± 21.55 to a post mean value of 71.78 ± 21.05, (0.019, *p* \< 0.05) compared to the control group in which there was a reduction in the GMFM-88 score from 68.15 ± 27.15 to 63.48 ± 27.48 after the intervention. Although an increase was shown in the FPRE group, the change between the two groups was not statistically significant. This result may be due to the duration of the intervention. The results of the study conducted by Bryant et al. \[[@B55-children-07-00085]\] indicate that a six-week program can show significant difference on GMFM-88D scores, but not on GMFM-66 or GMFM-88E scores.

The RUSI is an effective assessment device, which can successfully measure thickness and cross-sectional area of the quadriceps, which are associated with lower extremity strength \[[@B30-children-07-00085]\]. Quadriceps thickness can also be an indicator of muscle strength, Ohata et al. \[[@B8-children-07-00085]\] identified a relationship between thickness of the quadriceps and activity limitation in children and adolescents with CP. Muscle thickness of the quadriceps showed a significant correlation with the GMFM-66 score (*r* = 0.52, *p* = 0.001, 95% CI 0.24 to 0.72). This result suggests that lower extremity muscle thickness may be strongly correlated with functional ability of the child with CP.

This study has the following limitations: a short 6-week intervention period and a small sample size. This makes it difficult to generalize the findings to all children with CP. It is also difficult to control all the factors that may affect the child's activities of daily living.

5. Conclusions {#sec5-children-07-00085}
==============

Present study was conducted with twenty-five children to determine the effects of FPRE on strength, lower extremity structure, muscle tone, dynamic balance and functional ability in children with spastic cerebral palsy. This study confirmed that FPRE exerts a positive effect by increasing lower extremity strength and morphology of quadriceps muscle, reducing muscle tone and increasing dynamic balance and functional ability in children with spastic CP. Therefore, we suggest FPRE as an effective, safe and convenient intervention that can be implemented in a six-week period in children with CP in rehabilitation.
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children-07-00085-t001_Table 1

###### 

Functional progressive resistance exercise protocol.

  FPRE            Exercise Protocol                          Duration
  --------------- ------------------------------------------ ----------
  Warmup          Range of motion mobilization, stretching   3 min
  \% weight ^a^   Sit to stand                               5 min
                  Rest                                       
  \% weight ^a^   Half-kneeling standing up, side-step-up    10 min
                  Rest                                       
  Body weight     Half-kneeling standing up, side-step-up    10 min
  Cooldown        Range of motion mobilization, stretching   2 min

FPRE---functional progressive resistive exercise; ^a^ Progressively increased to five times, 5% weight in 1--2 weeks; 10 times, 10% weight in 3--4 weeks; 15 times, 35% weight in 5--6 weeks.

children-07-00085-t002_Table 2

###### 

General Characteristics of subjects (*N* = 25).

  Characteristics         FPRE Group (*n* = 13)   CG Group (*n* = 12)   X^2^/*t*(*p)*
  ----------------------- ----------------------- --------------------- ---------------
  Gender (male/female)    4/9                     8/4                   1.845(0.078)
  Dominant/non-dominant   7/6                     9/3                   1.082(0.290)
  Age (years)             5.54 ± 1.808            7.17 ± 2.167          −2.046(0.052)
  Height (cm)             108.54 ± 14.65          117.10 ± 12.73        −1.553(0.134)
  Weight (kg)             19.56 ± 7.40            24.37 ± 7.73          −1.587(0.126)
  BMI (Z-score)           0.14 ± 1.76             0.60 ± 1.01           −0.790(0.406)
  GMFCS level             2.08 ± 0.862            2.33 ± 1.073          −0.661(0.515)
  GMFM score              69.98 ± 21.55           68.15 ± 27.15         0.187(0.853)

Values expressed as mean ± standard deviation; FPRE---functional progressive resistive exercise; CG---control group; GMFCS---gross motor function classification system; GMFM---gross motor function measure.
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###### 

Knee extensor muscle strength (*N* = 25).

  Muscle Strength      FPRE Group (*n* = 13)   CG Group (*n* = 12)   Time            Group          Time × Group   
  -------------------- ----------------------- --------------------- --------------- -------------- -------------- --------------
  Non-dominant (*N*)   Pretest                 40.62 ± 30.61         34.54 ± 28.55   8.367(0.008)   0.490(0.491)   0.629(0.436)
  Posttest             51.24 ± 33.58           40.59 ± 29.50                                                       
  t(*p*)               −2.196(0.048)           −2.078(0.062)                                                       
  Dominant (*N*)       Pretest                 30.45 ± 27.57         41.61 ± 34.00   8.368(0.008)   0.060(0.808)   5.412(0.029)
  Posttest             52.39 ± 33.13           43.12 ± 32.17                                                       
  *t*(*p*)             −3.065(0.010)           −0.590(0.567)                                                       

Values expressed as mean ± standard deviation; FPRE---functional progressive resistance exercise; CG---control group.
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###### 

Comparison of the structure of the quadriceps between the of functional progressive resistance exercise (FPRE) group and control group (*N* = 25).

  Structure   FPRE Group (*n* = 13)   CG Group (*n* = 12)   Time           Group            Time × Group                   
  ----------- ----------------------- --------------------- -------------- ---------------- --------------- -------------- --------------
  TQ          Non-dominant            Pretest               1.39 ± 0.27    1.46 ± 0.29      32.191(0.000)   1.427(0.244)   7.834(0.010)
  Posttest    1.98 ± 0.316            1.66 ± 0.34                                                                          
  *t*(*p*)    −8.544(0.000)           −1.610(0.136)                                                                        
  Dominant    Pretest                 1.41 ± 0.24           1.40 ± 0.308   109.633(0.000)   1.308(0.265)    8.978(0.006)   
  Posttest    1.95 ± 0.29             1.70 ± 0.35                                                                          
  *t*(*p*)    −11.284(0.000)          −4.578(0.001)                                                                        
  CSA         Non-dominant            Pretest               3.41 ± 0.807   3.22 ± 0.57      10.288(0.004)   5.240(0.032)   3.830(0.063)
  Posttest    4.54 ± 0.97             3.49 ± 1.05                                                                          
  *t*(*p*)    −3.390(0.005)           −0.987(0.345)                                                                        
  Dominant    Pretest                 3.64 ± 0.64           3.29 ± 0.66    8.578(0.008)     8.549(0.008)    4.451(0.044)   
  Posttest    4.63 ± 0.99             3.45 ± 0.89                                                                          
  *t*(*p*)    −3.110(0.009)           −0.722(0.485)                                                                        

Values expressed as mean ± standard deviation; FPRE---functional progressive resistive exercise; CG---control group; TQ---thickness of the quadriceps; CSA---cross-sectional area of the rectus femoris.
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###### 

Muscle tone popliteal angle in passive, speed and active ranges of motion (*N* = 25).

  Popliteal Angle   FPRE Group (*n* = 13)   CG Group (*n* = 12)   Time             Group            Time × Group                    
  ----------------- ----------------------- --------------------- ---------------- ---------------- --------------- --------------- --------------
  PA-P (degree)     Non-dominant            Pretest               151.17 ± 17.82   142.92 ± 18.07   0.241(0.628)    4.464(0.046)    8.994(0.006)
  Posttest          158.57 ± 14.66          137.61 ± 21.35                                                                          
  *t*(*p*)          −2.454(0.030)           1.792(0.101)                                                                            
  Dominant          Pretest                 153.39 ± 15.86        144.68 ± 15.96   4.747(0.040)     6.289(0.020)    4.890(0.037)    
  Posttest          163.27 ± 10.19          144.61 ± 16.32                                                                          
  *t*(*p*)          −2.745(0.018)           0.028(0.978)                                                                            
  PA-S (degree)     Non-dominant            Pretest               141.32 ± 13.27   136.49 ± 19.11   0.390(0.538)    5.721(0.025)    8.909(0.007)
  Posttest          152.45 ± 13.11          129.21 ± 20.01                                                                          
  *t*(*p*)          −2.879(0.014)           1.495(0.163)                                                                            
  Dominant          Pretest                 142.24 ± 15.31        140.50 ± 22.41   1.073(0.311)     1.574(0.222)    5.052(0.034)    
  Posttest          152.20 ± 14.58          136.82 ± 21.53                                                                          
  *t*(*p*)          −2.030(0.065)           1.081(0.303)                                                                            
  PA-A (degree)     Non-dominant            Pretest               130.96 ± 21.51   128.32 ± 25.78   20.395(0.000)   0.927(0.346)    4.639(0.042)
  Posttest          149.58 ± 19.94          134.91 ± 26.60                                                                          
  *t*(*p*)          −4.517(0.001)           −1.774(0.104)                                                                           
  Dominant          Pretest                 130.48 ± 30.72        126.74 ± 27.70   21.522(0.000)    1.642(0.213)    16.072(0.001)   
  Posttest          151.93 ± 20.55          128.30 ± 29.63                                                                          
  *t*(*p*)          −4.964(0.000)           −0.722(0.485)                                                                           

Values expressed as mean ± standard deviation; FPRE---functional progressive resistive exercise; CG---control group; PA-P---popliteal angle in passive range of motion; PA-S---popliteal angle in speed range of motion; PA-A---popliteal angle in active range of motion.
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###### 

Modified functional reach test (forward and side) (*N* = 25).

  Balance      FPRE Group (*n* = 13)   CG Group (*n* = 12)   Time            Group          Time × Group   
  ------------ ----------------------- --------------------- --------------- -------------- -------------- ---------------
  F-FRT (cm)   Pretest                 21.62 ± 6.87          28.17 ± 14.49   0.842(0.368)   0.459(0.505)   10.259(0.004)
  Posttest     26.65 ± 7.92            25.37 ± 10.20                                                       
  *t*(*p*)     −5.635(0.000)           1.186(0.261)                                                        
  S-FRT (cm)   Pretest                 11.57 ± 5.72          15.52 ± 10.43   6.344(0.019)   0.408(0.529)   4.361(0.048)
  Posttest     16.21 ± 5.37            15.95 ± 8.266                                                       
  *t*(*p*)     −3.734(0.003)           −0.270(0.793)                                                       

Values expressed as mean ± standard deviation; FPRE---functional progressive resistance exercise; CG---control group; F-FRT---forward functional reach test; S-FRT---side functional reach test.
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###### 

GMFM score: Pre and post training and changes (*N* = 25).

  Gross Motor Function   FPRE Group (*n* = 13)   CG Group (*n* = 12)   Time            Group          Time × Group   
  ---------------------- ----------------------- --------------------- --------------- -------------- -------------- --------------
  GMFM score             Pretest                 69.98 ± 21.55         68.15 ± 27.15   0.346(0.562)   0.288(0.597)   1.744(0.200)
  Posttest               71.78 ± 21.05           63.48 ± 27.48                                                       
  *t*(*p*)               −2.696(0.019)           0.924(0.375)                                                        

Values expressed as mean ± standard deviation; FPRE---functional progressive resistance exercise; CG---control group; GMFM---gross motor function measure.
